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A conversion was facilitated with magneto-
electric effect between energies stored in 
ferromagnetic form and piezoelectric one in 
material. This paper is concerned with magneto-
electric performance of composites with a bi-
layered structure for ceramic 
(Na0.5K0.45Li0.05)(Nb0.9Ta0.08Sb0.02)O3, i.e., KNN, 
and metal nickel. Lead-free piezoelectric KNN 
ceramics were synthesized by the two-step sintering 
process. More than 96% of theoretical density for 
the ceramics was obtained, and, the d33 of the KNN 
sample was about 300pC/N. Based on the high 
piezoelectric performance of the KNN ceramic, a 
lead-free magneto-electric composite was prepared 
by gluing KNN ceramic with Ni plate together. The 
magneto-electric effect of the bi-layered composites 
with various thickness ratios was investigated in 





In recent years, the electronic equipment of 
integration and miniaturization makes the electronic 
interference between electronic equipment more 
and more serious. There has been an increasing 
interest in multiferroic materials, which have two or 
more order parameters simultaneously such as 
ferromagnetic, ferroelectric, and/or ferroelastic 
ordering [1-3]. The magneto-electric effect (ME) is 
a coupling effect of simultaneous ferromagnetism 
and ferroelectricity. Some materials can show an 
obvious ME affect, conversing variations of 
external magnetic field to the variation of dielectric 
polarization, or inducing magnetizations under an 
external electricfield. The ME effects have been 
reported in single-phase material and /piezoelectric 
composites [4-6].The multiferroic composites 
usually have a much stronger ME effect than the 
single-phase materials. Several studies reported the 
observation of giant ME interaction in layered 
composites with ferrites, manganites, or Terfenol-D 
for the ferromagnetic phase and barium titanate or 
lead zirconate titanate (PZT) for the piezoelectric 
phase [7-10]. The bilayer and sandwich structures 
of the Ni /PbZr1xTixO3PZT composite can reach 
the highest ME coefficients ever reported. They 
have potential applications, such as actuators, 
sensors, modulators, switches, phase invertors, 
rectifiers, and so on [6,11-13]. However, PZT 
ceramic is volatile and unfriendly to the 
environment. Therefore the application has been 
increasingly restricted. Therefore, the investigation 
of the lead-free piezoelectric ceramics has been 
attracted much attention, especially for the 
perovskite structure (K0.5Na0.5)NbO3 (KNN)-
based piezoelectric ceramics due to their excellent 
piezoelectric properties and high Curie temperature. 
[14]In this paper, lead-free 
(Na0.5K0.45Li0.05)(Nb0.9Ta0.08Sb0.02)O3, i.e., KNN 




A conventional solid state reaction route was 
applied to prepare the powders with compositions 
of KNN-based. The starting materials were Na2CO3 
(99.9%), K2CO3 (99%), Nb2O5 (99.9%), 
Li2CO3(99.9%), Sb2O3(99.9%), Ta2O5 
(99.9%).Firstly, the powders were weighed 
according to the chemical formula and then ball-
milled for 4h in anhydrous ethanol with zirconia 
balls. After drying, the powders were calcined at 
850 C for 3h. Then, the mixture was milled again 
in the same conditions. The dried powders were 
mixed by the addition of 5% PVB binder and 
pressed into 13mm diameter disks with 1.0mm 
thickness at 16MPa. At last ,after burning out the 
PVB binder at 600  C for 2h, the samples were 
sintered by the two-step sintering process. And then 




put Ni slice and KNN piece bonded together by   
502 glue. 
The crystalline phase of the crushed sample was 
identified by a Panalytical X’pert PRO x-ray 
diffractometer (Cu Ka radiation). The 
microstructure structure was observed with a 
scanning electron microscope (FEI XL30 ESEM-
TMP) .The bulk density was measured according to 
the Archimedes method using distilled water as 
medium. To measure the electrical properties, silver 
paste was painted on both sides of the samples to 
form electrodes, subsequently heated at 650C for 
50 min.  
The samples were then poled in about 80C silicone 
oil bath by applying a DC electric field of 3 kV/mm 
for 30min. The piezoelectric constant d33 was 
measured using a Radiant (RT66A) workstation. 
Finally, the ME response, i.e., magnetic field 
induced output voltage, dE3 /dH3 ME sensitivity, 
was measured by using the dynamic method with a 
small ac magnetic signal superimposed on the dc 
magnetic field as before ” .[15] 
 
 Results and discussion 
 
The X-ray diffraction (XRD) patterns of KNN 
samples sintered at different holding times were 
showed in Fig. 1. It is evident that pure perovskite 
phase was showed and no secondary phases were 
appearanced almost. Because the crystal structural 
of K0.5Na0.5NbO3 is perovskite phase and LiNbO3 is 
illumenite phase, it is extremely difficult to achieve 
a formation of solid solution between these 
compounds. However, the present XRD patterns 
indicate that the dopants were completely diffused 
into the (K0.5Na0.5)NbO3 lattices, with Li+ entering 
the (K0.5Na0.5)+ sites, and, Sb3+ and Ta5+ occupying 
the Nb5+ sites, to form a homogeneous solid 
solution. The XRD peaks are found to be sharp 
indicating good homogeneity and crystallinity of 
the samples. 









































Fig. 1    XRD patterns of KNN samples as a function of holding 
time: 1100 ×10min +950 ×6h  (A), 1100 ×10min +950 ×9h  (B), 
1100 ×10min +950 ×12h  (C),  and 1100 ×10min + 
950 ×16h (D) . 
 
The SEM micrographs of surfaces of the 
ceramics at different holding time are showed in 
Fig. 2. With the increase of  holding time the 
ceramics become denser, porosity degrades and the 
grain size increases signicantly until it is the 
optimum holding time. We know the greater 
density of the ceramic, the better piezoelectric 
properties. And the piezoelectric properties 
influence the magnetoelectric effect of the samples, 
so we can predict the trend between ME 




















Fig. 2  SEM image of KNN samples sintered at different holding 
time, 1100 ×10min +950 ×6h  (A), 1100 ×10min +950 ×9h  (B), 
1100 ×10min +950 ×12h  (C),  and 1100 ×10min + 
950 ×16h (D) . 
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The bulk densities and the relative density of the 
ceramics as measured by Archemedes method are 
listed in Fig. 3. In recent years, the investigation of 
the (K0.5Na0.5)NbO3  (KNN)-based piezoelectric 
ceramics has been attracted much attention, for due 
to their excellent piezoelectric properties. 
Nevertheless, it is extremely difcult for pure KNN 
to achieve high density by using an ordinary 
sintering method [14]. However, Li+ ,Sb3+,Ta5+was 
doped by solid state reactions and the samples were 
sintered by the two-step sintering process. All 
samples reached a relative density of more than 
95% of the theoretical density, and the maximum 
relative density reaches 96.45. The decrease in 
density of KNN sample sintered at the holding time 
of 16h may be due to the evaporation of potassium 
oxide. 



































Fig. 3   The bulk densities and the relative densities of KNN 
samples sintered at different holding time 
 
The d33 values of ferroelectric and ferromagnetic 
columnar composites under different holding times 
were presented in Fig.4. It was clearly seen that the 
d33 value increases at first and then declines with 
the increase of the holding time, and get the the 
maximum value when the holding time is 12h. The 
d33 value has influence on the piezoelectric property 
of ceramics, so it has distinct effect on the 
magnetoelectric properties of ferroelectric and 
ferromagnetic columnar composites. As shown in 
Fig.5 the magnetoelectric voltage coefficient 
increases gradually as the holding time increase to 
12h. But the magnetoelectric properties get worse 
at 16h. The electromagnetic constant of samples 
was measured in response frequency. It reaches 
10mV/Oe.  




















Fig. 4  The D33 value of ceramics at different holding time 
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Fig.5   Comparision of magnetoelectric coefficients for 
composites at four different holding times  
 
In the future research, we are going to change 
some parameters of the samples (e.g. shape, aspect 





Lead-free (Na0.5K0.45Li0.05)(Nb0.9Ta0.08Sb0.02)O3  
ceramics have been successfully synthesized by the 
two-step sintering process. All the ceramics showed 
a single phase perovskite structure. The maximum 
relative density reaches 96.45. The d33 value of 
the ceramics was 300pC/N. The electromagnetic 
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